Rotavirus is considered the main cause of severe gastroenteritis and nosocomial infections in Pediatric units, especially during late winter and early spring season in temperate region.
Introduction
Worldwide, rotavirus (RV) is considered the main cause of severe gastroenteritis and mortality among children under five years of age. 1, 2 Before the introduction of RV vaccines, RV was responsible for about 3.6 million cases annually of gastroenteritis among children 0-59 months, including 87,000 hospital admissions and around 700,000 medical consultations in Europe. 3 Moreover, RV infection accounted for a large number of nosocomial infections in neonatal intensive care and pediatric units, especially during the late winter and early spring of temperate regions. 4, 5, 6 Rotavirus vaccination represents the most effective strategy for reducing rotavirus gastroenteritis (RVGE) among children and the introduction of RV vaccines in immunization schedules is strongly recommended by international health authorities. 7, 8 Since 2006, several European countries have adopted universal mass RV vaccination in their immunization schedules and have reported high vaccine effectiveness in reducing RVGE hospitalizations and outpatient visits. [9] [10] [11] In Sicily from 2003 to 2012, RV was the most common cause of gastroenteritis in children 0-59 months. 12 For the first time in Italy, the regional Sicilian Health Department introduced the universal rotavirus vaccination program into the regional immunization schedule in January 2013. 13, 14 Despite vaccines against RV (human monovalent RV1 and bovine pentavalent RV5) demonstrating a good safety profile, RV vaccination coverage in Sicily in 2017, after four years of being universally and actively offered was not as high as that for other recommended vaccinations administrated at the same age, e.g., pneumococcal vaccination (coverage >85%).
15 This is likely attributable to the reluctance of some pediatricians and public health physicians to recommend rotavirus vaccination due to a slight increase of intussusception among children vaccinated with RV1 and RV5, which was observed in other countries, especially after the first dose. 16 In 2013, after the first year of implementation, a rotavirus vaccination coverage of 25% was reported for children 0-11 months old in Sicily, resulting in a 35% decrease in RVGE hospitalizations. 17 The aim of this study was to estimate the impact in reducing RVGE hospitalization among children aged 0-59 months in Sicily after the introduction of RV universal vaccination (January 2013 to December 2016). Moreover, the present work estimates the economic effect of RV vaccination on regional healthcare systems. (2009) (2010) (2011) (2012) and after (2013-2016) introduction of RV universal vaccination, as well as the annual mean vaccination coverage, are reported in Figure 1 . A typical two-year wave trend of RVGE hospitalizations was observed in the pre-vaccination era with peaks of cases being reported in 2010 (n D 1,081) and 2012 (n D 1,101).
Results

RVGE hospitalizations in Sicily before
After the introduction of universal mass vaccination, we observed a decline in hospitalizations that was coincident with an increase in the vaccination coverage. In particular, the lowest number of RVGE hospitalizations was in 2016 (n D 156) when the vaccination coverage was highest (45%). A comparison between hospitalizations before and after RV vaccine introduction in Sicily is shown in Table 1 . The mean number of annual RVGE hospital admissions decreased from 961 to 507, which is a 47% reduction overall. The RVGE hospitalization rate decreased from 394 per 100,000 in 2009-2012 to 220 per 100,000 in 2013-2016. Moreover, the age of Sicilian children hospitalized for RVGE increased significantly from 22.3 ( § SD 13.9) to 25.6 ( § SD 14.8) months after the introduction of RV vaccination (p D 0.0002). However, no difference in hospital length-of-stay (5.1 vs. 4.9, p D 0.53) or male/female ratio (1.21 vs. 1.2, p D 0.82) was observed between before and after introduction of the vaccine. The seasonality of RVGE hospitalizations before and after the introduction of RV vaccination showed a change in the peak of reported cases from March/ April (pre) to May/June (post) (Figure 2) .
The cost analysis results are reported in Table 2 . The annual vaccination cost of the 40,506 doses purchased every year by the Regional Health System accounted for €1,701,252. From a healthcare perspective, the Regional Health System saved €844,028 every year due to a decrease in both the RVGE hospitalization number and the RVGE hospitalization cost, which decreased from €1,523 before to €1,224 after the introduction of universal RV vaccination. From a societal perspective, an additional saving of €434,675 per year in RVGE hospitalizations is reported. In addition, the estimated saving of emergency room and outpatient admissions due to RV vaccination amounted to €1,556,605. Finally, since 2013, considering all costs (direct medical, non-medical, and indirect) of RV gastroenteritis from a healthcare and social perspective, €1,134,056 was saved per year in Sicily.
Discussion and conclusions
Rotavirus vaccination has been shown to be highly effective with a substantial impact on RVGE hospitalizations, as well as emergency room and primary healthcare visits, in all European countries where the vaccination was offered. 18 Specifically, the number of RVGE hospitalizations was reduced in European countries after the introduction of RV vaccination, with coverage ranging from 60% to 85% after the first year of universal mass vaccination. [9] [10] [11] In Sicily, the first Italian region that offered universal mass vaccination for newborns, vaccination coverage is still lower than 50% after four years. This could be attributable to skepticism among some Sicilian healthcare workers regarding safety of the RV vaccine. 19 A slight increase in intussusception cases among vaccinated children, usually after the first dose, has been reported in other studies but are outweighed by the benefits of RV vaccination, i.e., the reduction in RVGE hospitalizations and RVGE severity. 20, 21 Moreover, Italian data on intussusception in the absence of RV vaccination, as well as a study conducted in Sicily before RV vaccination was introduced, showed a similar increasing trend in intussusception among children aged 12-59 months, indicating a role of other risk factors for intussusception. [22] [23] [24] [25] [26] Our study represents the first analysis to be conducted in a high-income setting with poor RV vaccination coverage. The hospitalization data demonstrate a significant impact of RV vaccination with an observed reduction (47%) in the number of RVGE hospitalizations. The three-year wave trend of RVGE hospitalization observed from 2013 to 2016 could be attributed to a herd immunity effect that slowed down RV infection, despite low vaccination coverage. 27 Simultaneously, the increasingly large cohort of unvaccinated children during 2013 and 2014 generated a peak among older children, 28, 29 which could be a substantial advantage for a better and prompt recovery. These results are also supported by the reduction in the average hospitalization cost for RVGE after universal RV vaccination (from €1,523 to €1,224 per case) according to the regional hospital discharge records (HDR) database. 30 However, our study was unable to demonstrate a decrease in the hospital length-of-stay.
The shift in seasonality of RVGE hospitalizations may be an advantage for Sicilian pediatric units. The peak of hospitalizations in the period of pre-vaccination during the late winter and early spring coincides with the peak of infection of other human respiratory viruses (e.g., human respiratory syncytial virus, influenza and adenoviruses) among children under five years, representing a possible cause of overloaded pediatric wards and of nosocomial dissemination and infection. 31, 32 The time-shift of the RV peak toward spring reduces the impact of Figure 2 . Seasonality of average RVGE hospitalizations observed monthly in Sicily, among children 0-59 months, before and after universal RV vaccine introduction. Vertical bars in dark and light gray show the peak of hospitalizations during April and May before, and in May and June after RV vaccine introduction. RV co-infection during the peak of influenza and other respiratory virus hospitalizations in Sicily. 33 Finally, in spite of poor coverage, a substantial and significant economic advantage of the introduction of RV universal mass vaccination was demonstrated, which is similar to a previous economic evaluation in Italy. 34 The estimate of the health and economic burden of RVGE emergency room and outpatient visits adopted in this work was performed using methodology of a multicenter study conducted in seven European countries, including Italy (Padua). 22 Our study has some limitations that should be further discussed. First, the use of HDRs could underestimate the real burden of RVGE and not all cases reported received a laboratory confirmation of RV infection. 35 However, inpatient data is a reasonable proxy for overall RVGE rates over the eight-year period and is sufficient to reflect the trend. Secondly, this study cannot be considered a proper pharmacoeconomic evaluation but only a cost impact analysis. We overestimated vaccination costs because we considered purchase price and not the cost of administering vaccines. In addition, if a full economic evaluation was conducted, the cost saving observed would have been spread over the four-year post-implementation period with a minimal effect during the vaccine introduction year (2013) and a cumulative increase in costs saved over the succeeding years. 35 We recommend that the Sicilian public health authorities should introduce efforts to improve knowledge, attitudes, and perception about the value of RV vaccination for the population and the healthcare system.
Material and methods
Data collection
According to the study protocol on the impact evaluation of RV vaccination proposed by the European Centers for Disease Prevention and Control, a retrospective observational study was conducted in Sicily, which represents one of the largest Italian regions, with 5 million inhabitants, including a cohort of 45,000-50,000 newborn children per year. 36, 37 In the study, Sicilian hospital discharge records in all Sicilian hospitals from 1st January 2009 to 31st December 2016 of children aged 0-59 months diagnosed with acute RV gastroenteritis were analyzed.
The Sicilian HDR database was established in 1994, which includes the complete data on hospital admission from both public and private regional hospitals. Each HDR includes demographic information (birthplace, residence, gender, and date of birth), admission and discharge dates, discharge status (categorized as "discharged/transferred" or "expired"), and up to six discharge diagnoses (one principal and five secondary diagnoses) coded according to International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM). The HDR is a codification system developed by clinician panels and verified on a large database, which allows the identification of categories or types of similar patients for resource intensity and clinical management. A single HDR requires a remuneration of the average treatment profile by government funds according to the corresponding category of hospitalization. 38 The regional HDR database was obtained from the Sicilian Health Department in March 2017. Cases of RVGE were defined as all hospitalizations with an ICD-9-CM diagnosis code of 008.61 as the first or other diagnosis in children aged 0 to 59 months. Duplicate episodes of RVGE hospitalizations were considered unique if they occurred with 14 days between episodes, otherwise only the first episode was considered.
Vaccination coverage reported in the study corresponds to the annual number of completed RV vaccination cycles on resident children under 12 months of age (birth cohort) and were obtained from the regional vaccination database, which is edited yearly according to Italian Health Department recommendations.
The study was approved by the medical ethics committee of the University Hospital of Palermo in January 2013.
Cost analysis
The economic analysis included costs of inpatient, emergency department, and outpatient care, as well as the costs associated with vaccination. Specifically, for this analysis, we evaluated: a. Cost of vaccinations (vaccines and administration). b. Direct medical costs of RVGE hospitalizations from a healthcare perspective. c. Estimated direct medical, non-medical, and indirect costs of RVGE hospitalizations from a societal perspective. d. Estimated costs of RVGE emergency room admissions from a healthcare and social perspective. e. Estimated costs of RVGE primary care (outpatient) admissions from a healthcare and social perspective. The cost of a single monovalent RV vaccine dose was acquired from the award price established in 2013 by the Sicilian Regional Health Department (€33.5 per single dose). The cost estimation was calculated considering doses purchased (not doses administered) by the Regional Health System during the four years of universal vaccination, in spite of a slight overestimation. Moreover, the additional expense for a single vaccine dose administration (US$10, corresponding to €8.5) was included. 39 The direct medical costs of RVGE hospitalization were calculated as the mean costs of Sicilian HDRs multiplied by the mean number of annual hospitalizations.
The direct medical, non-medical, and indirect costs of RVGE hospitalization from a societal perspective were estimated from the REVEAL study. 40 In detail, data obtained from the Padua area, as the recruiting center for Italy in the REVEAL multicenter study, were adopted to proportionally compare emergency room (ER) access and primary care visits observed in the Sicilian context to the burden of ER access and outpatient visits annually reported in the reference area. 40 Finally, the healthcare and social perspective economic burden of ER and outpatient visits due to RVGE were estimated using the cost analysis of Giaquinto et al. 40 
Statistical analysis
All statistical analyses were performed using the STATA v14.2 software package. Quantitative variables (RVGE hospitalization cases and rates, age, and length of stay) are expressed as the mean and standard deviation (SD). The categorical variable (gender) is summarized as the frequency and percentage (%). The seasonality trend reported in Figure 2 represents the average number of RVGE hospitalizations observed monthly during the pre (2009-2012) and post (2013-2016) vaccination periods.
Hospitalization rates per 100,000 were calculated using the census population for children aged 0 to 59 months (data from DemoIstat). 37 
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